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Abstract 
In the period of 2008-2011 the restricted availability and price volatility of the mineral source of fluorine known as fluorspar 
(calcium fluorite) made commercial buyers around the world question whether there were alternative fluorine sources for chemical 
production.  Presently there are significant opportunities for producers of phosphates from the minerals fluorapatite or francolite to 
offer a fluorine rich alternative to fluorspar or to sell fluorine-based chemicals isolated from fluorine containing waste streams from 
phosphate production.  The technology to isolate fluosilicic acid (FSA) for sale or as a raw material for the production of 
downstream fluorine-containing chemicals is proven and available.  The markets for fluorine-containing chemicals are valuable 
and growing in many different applications.  This situation gives phosphate fertilizer and phosphate chemical producers the 
opportunity to serve new customers of fluorine-containing chemicals and reduces the environmental impacts from the disposal of 
fluorine containing waste streams.     This presentation will further describe major features and events in the fluorine market and 
the opportunities and challenges in supplying a fluorine raw material alternative to fluorspar. 
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1. The Impetus to Utilize Fluorine From Phosphate Operations 
Phosphate fertilizers and chemicals are produced from the minerals fluorapatite Ca10(PO4)6(F,OH)2 and francolite 
Ca10(PO4)͸ െ (CO3)x(F, OH)2+x minerals.  These minerals contain fluorine (F). This fluorine particularly in the 
form of hydrogen fluoride (HF) can become an air emissions problem during the production of phosphoric acid and 
other phosphate products since it is a toxic and corrosive toxic pollutant. 
Given the health and environmental impacts from fluorine emissions there have evolved regulations covering the 
maximum allowable fluorine emissions.  These regulations are subject to increasing stringency.  For example, in late 
2014 in the US the following was proposed to amend current regulations and further reduce these limits, Table 1 below 
[1]: 
Table 1, US EPA proposed amendments to reduce fluorine emissions 
US EPA Proposed Amendments 
Regulated Process Current total F limits, lbs/ton P2O5 Proposed HF limits lbs/ton P205 
Existing New Existing New 
Wet Process Phosphoric 
Acid  Line 
0.020 0.0135 0.020 0.0135 
Superphosphoric Acid 0.010 0.00870  0.00870 
 
These proposed regulations will increase the fluorine capture at US phosphate plants. 
In this paper fluorosilicic acid (FSA) is the focus for isolating the fluorine from the production process since it can 
be sold as is or transformed into other salable fluorine products and thereby offset the costs of environmental 
compliance.  FSA is produced in 2 steps from the HF released during phosphoric acid production in the presence of 
silicon (a typical impurity in the ore body) as follows: 
 
 
1.1. The Importance of Fluorosilicic Acid 
FSA is produced today from 2 sources:  
x from the mineral fluorspar (calcium fluorite, CaF2) primarily in Europe and Mexico 
x as a by-product from phosphate rock operations in the US, Europe and China.   
According to the United States Geological Survey, 74 thousand metric tons of FSA, equivalent to 131 thousand 
metric tons of 92% fluorspar were recovered from U.S. phosphate rock in 2014 [2].  In total, as much as 8% of the 
2014 global fluorspar equivalent supply was derived from FSA.  In addition to the phosphate rock operations in 
Europe and China already isolating FSA there is additional FSA supply potentially available from Morocco, and 
many other countries.  Unfortunately as much as 80% of the fluorine potentially available from phosphate rock 
operations is presently discharged into settling ponds as part of neutralization streams and not recovered [4]. 
The following figure 1 portrays the present versus the potential for FSA as an alternative source of fluorine:  
 
 
 
 
 
 
 
 
 
 
4HF + SiO2 ↔ SiF4 +2H20 
2HF + SiF4 ↔ H2SiF6 
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Figure 1, Present and potential FSA global supply 
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The global market for FSA as of 2013 is reflected in the following Figure 2 [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2, Global FSA market totaled 260 thousand metric tons in 2013 
 
Of the total 260 thousand metric ton global FSA market, the largest direct use for FSA is for drinking water 
fluoridation at 11%.  Silicofluorides production is the largest indirect (raw material) use for FSA at 40%.  Within the 
silicofluorides segment approximately 30 percent of water fluoridation is accomplished using sodium silicofluoride 
(Na2SiF6).  Aluminum Fluoride (low density) accounts for about 28 percent of indirect (raw material) FSA 
consumption.  The other indirect uses of FSA are for products which are also derived from fluorspar: Sodium fluoride, 
and HF. HF production from FSA is an emerging opportunity.  For example HF is produced from FSA at the Guizhou 
Wengfu Lantian Fluorine Chemical Company in China [5] 
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1.2. Drinking Water Market 
As many as 25 countries add a fluorine source to their drinking water.  These countries are included in table 2 
below [6]: 
 
Table 2, Countries fluoridating drinking water 
 
The Fluoridation Drinking Water Market* 
Australia Fiji New Zealand Serbia 
Argentina Guatemala Panama Singapore 
Brazil Guyana Papua New Guinea South Korea 
Brunei Ireland Peru Vietnam 
Canada Israel Papua New Guinea United Kingdom 
Chile Libya (pre 2003) Peru United States 
China, Hong Kong Malaysia Spain  
 
Low level human ingestion of fluoride is generally understood to facilitate a remineralization of teeth allowing a 
reduction in the quantity of tooth decay known as cavities (dental caries). Since the 1970s fluoride has been added to 
toothpaste to help prevent tooth decay.  Further, it has been demonstrated that the addition of fluoride to drinking 
water is a cost-effective public health benefit since the reduction of tooth decay reduces human suffering and reduces 
the quantity and expense of dental treatments.  The benefit of drinking water fluoridation is particularly experienced 
by children and by the least affluent who have the least access to dental care [7].  
Fluoride may be introduced into drinking water directly as FSA in 23% solution or as one of the FSA derived salts 
in solid form described further in the next section, below. 
1.3. Other Markets for FSA 
FSA is used as a raw material for the following fluorine products: 
x Silicofluorides: 
o Sodium fluorosilicate (Na2SiF6) salt used in drinking water fluoridation 
o Ammonium and Barium fluorosilicate salts—many industrial uses   
x Aluminum fluoride (AlF3): low density form for aluminum smelting 
x Sodium fluoride (NaF): salt used in drinking water fluoridation, osteoporosis treatment, medical 
imaging, laundry sour, insecticide 
x HF and other synthesis 
1.4. Getting FSA to Market 
There are a number of challenges to reaching the FSA and FSA downstream product markets.  Some of these 
challenges concern characteristics of the market such as differences in consumption by region while other challenges 
concern logistics.  In the case of drinking water fluoridation many governments do not yet support this practice.  
Clearly advocacy of the social benefits of water fluoridation could be one method to develop the market by province 
or by country.  Ultimately it may require policy or regulatory changes to open the drinking water fluorination market 
in a target region.  As shown in Table 2 there is fairly high use of drinking water fluoridation in the Western 
 
 
 Some countries may be served by salts of FSA rather than by FSA directly. Some regions have naturally occurring fluoride in drinking water 
and no additional fluoride is added 
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Hemisphere as compared to the Eastern Hemisphere; there is very little drinking water fluoridation in Africa, Asia 
and the Middle East. 
For the downstream products in which FSA competes with fluorspar as the fluorine source there are added 
economic issues related to the availability and accessibility of raw materials (logistics) specific to the site of production 
or the difficulties or expenses in transporting the FSA or FSA derived product to the ultimate customer.  These logistics 
may cause FSA downstream products to be at a cost disadvantage.  
FSA is typically sold in a 23% solution in drums, tote bins, iso-containers or as bulk delivery to a tank at the 
customer’s site, typically at a water treatment works.  The dry products silicofluorides and sodium fluoride are 
somewhat easy to package, store and transport in bags and super sacks.  Aluminum fluoride produced from FSA is 
low bulk density and this form is less preferred by aluminum smelters than the higher bulk density produced from HF.  
Reasons for the high density preference include easier handling and greater flowability as experienced by the 
aluminum smelting customer.  Aluminum fluoride is typically delivered to aluminum smelters in super sacks or bulk.  
HF is infrequently produced from FSA.  HF has the least easy logistics of the fluorine products described.  It is an 
extremely hazardous and corrosive gas.  It can also be sold in aqueous form.  In either form HF requires a trained 
transport crew, special transportation equipment and permitted unloading facilities.  Some regions do not allow the 
transport of HF due to safety considerations.  Because of the above logistics complications HF is more typically 
consumed on site in an integrated facility thereby avoiding transportation issues. 
1.5. The Value of FSA 
Recent US prices for 23% FSA used in drinking water fluoridation have been in the range of $USD 500 to $USD 
600 per metric ton, delivered.  Prices were as high as $USD 900 to $USD 1,000 per metric ton in 2008-2002 when 
the market was under supplied. 
IHS recently estimated the opportunity cost for using FSA as the fluorine source replacing fluorspar for HF 
production.  At about $USD 300 per metric ton, 100% basis FSA was found to be competitive with Fluorspar [8]. 
1.6. Summary 
The benefits of isolating and utilizing fluorine from phosphate rock operations can be summarized as follows: 
• Addresses an emission problem that impacts human health and the environment 
• Helps bring a phosphate plant into compliance with current or potential regulations 
• Offsets the cost of reducing emissions and complying with regulations 
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